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THE RECOVERY OF MAGNESIUM CHLORIDE
FROX'I Tl:A TT]R A LLY OCCURING BR] NES AND EVAPORITES

STIMMARY AND CONCLUSIONS

As the potash intlusl.ry shlfts to Canadian evaporll'es which may contain

carnallrt-cantll,onal,uralbrinesofmartncoriginContainingmAgnegivrnchloriclu,
tire|e ma,v trc a sigllif it lrnt shift awav from Ilnitrlrl Stal'es rlependence: on the sez

water magnesla proccss to manufacture cr:11 feed for elc<:trolytic produr:tion of

magnes j.ilm rnetal . Thjs s

ting a new Potash industry
brines from underground I

flnited States. Though ]ittle is known rn
able at the well head, the theoretlcal eq g

of carnalhte have potash concentrations that compare favorably with the natural

brines from which potash is now recovered' At the same time these brines are

richinmagnesiumchloride.Asaconsequence,potashoperationsoneither
naturalbrinesofmarj'neoriginoronsyntheticbrinesfromsolutionminingof
carnallite provide a potentlally low cost and virtually inexhaustible source of

*gn""i.trrn chlorrde for product'ion of ce1l feed ' To be economic ' however ' the

brine on evaporation strould not intercept the leonite face on the Janecke type

diagram at ambient temperatures ' since the co-product potash would in that

case be lost in a form that would make its recovery difficult'

INTRODUCTION

Magnesium, ln the combined forms ' is the sixth most abundant elernent

and the third most abundant metal in the earthrs crust' but it is so reactive that

it rs never found in nature iil the elemental state As part of the rock -forming
miner als like rna gne s rte, Jolom ite' "t"lrlii""f,;.Tllesnlll:'-:?i; ?#ili[lL.

lang ' and

d in erallY of

rust are soluble '

they are found only in cleposits protecte('l from the percolation and leaching

action of ground walers fly tt' ttt"ott-tf'le and rmpermeable mantle Usually this

mantle is from several hinc]red to manv j'housands of feel thick Frnally' as a
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solute in marine-like brines, magnesium is common in surface and Subterraneal
waters throughout the .r,vorld. The oceans, which contain 0.13 percent magnesiul
illustrate the inexlraustible nature of the reserve '

The recovery of ntagnesium from the rock forming minerals, usually by

thermal decomposition, and from dilute brines such as seawater by precipitatior
rvith lime, is a frcquent industrial practice but discussion is outside the scope

of this paper. Ttrc recovery of magncsium as magnesrum chlor-ide lrom evapo-

riies or nxtural lrrrncs o1 (.o,lcP trat.l()n grcal.er ttran sea water hag been rtf

littlc inrlrrstl'iAl sigtrjfir::rtt('c Ior (:('ononlit: :rrtti tcr'ltttrtl,)tl'jt r(:itltoni' 'l-hi:'t )B

illLrStratctl lr.y lltr' pr.e scrr1. aprl 1.)roicr'1r'rl [Jntl.cd S'latt:S trlrp;rr; j1.y Irtr mr:l;tllt<:

magncsiurrr as shown in 'f able 1. l)r csc.nl capacity js prr:ponderant.l! bi':sr:<i on

the sea wai:'r maf ncsia process with an also-ran seconr'l place to l'hermal

reduction anrl prer cnt no capacity dcpendent on recovery from the stronger
natural brines. Projected capacity, however, though still weighted in favor of

the sea water magnesia process, is partly based on the recovery of magnesium

chlori.ie as a byproduct of potash operations'

Though it ls undoubtedly premature to consider one proiected plant as

evide:'-:e of a significant inclustrial shift, recovery of magnesium chloride from
the rva-te brines of potash operations is due to receive more attention in the

fut';re.

INFLUENCEoFCoMPoSITIoNoFSYLWTEoRESoNUNITEDSTATES
PRACTICE

While the Unrted Staies has relied preponderantly on the sea water

magnesra process as a source of magnesium chloride for cell feed certain of

th."E.r.op...t practice is orientecl more towards use of by-product magneslum

chloride, obtained mostly from the potash industry. The difference in emphasrs

maybedueinwho]eorparttodifferencesinthecomposili.onoftheoresmined
io""pot."t, to the 1oca1e of the ore reserves, which may lead to a difficult
transportation problem in one case an(l not another; and to the relat'ive produc-

tion r.ates of non- chlortrie forms of potash whrch rejccl magnesiurrt chloride to

wastc .

Until qulte recently the ljnited States obtained most of rts potash requrre

ments frorn the cvaporltei of t-hc Carlsbad area in New Mexico ' Ihough carnal'

iir" 
-ixir: 

rrtgcl2 6H2o) minerallzaLron rs reported at about rhe 800 foot level

in these deposits-the sylvrnlte workings at about the 900 foot level are low in

carnallite. As a i'esult the only srgnrfrrant source of magnesium chloride in
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area is in the waste liquor from the potassium sulfate operations of the
International Minerals and Chemical Corporation.

However, production of magnesium chloride from the high sulfate
liquors which result from the double decomposition of langtreinite (2Mgsor'K2soa
wilh sylvite (KC l) involves formiciable technical and economic [rr oi]l('rms . 'lo a

degree these pr.oblems were resolved and token amounts of magnesium were madt

at Austin ' Texas in l94ii from bischofite ( Mgcl2 ' (irl2ol prepared at carlsbad '
This plant was shut down a.t the encl of the war. Several other magneslum plant8

were also shut down an(l thc chminishe<l markct of peacctime BupPlied by prorlu-
Cers with a better economic base. Ilowever , af.l.er a bricf respite, International
Minerals magnesium chloricle operations were resumed and a flake prod'-'.t
containing approximately 5 mols of water of crystallization was produce(. l:ntil
lvbl.

Tnough other factors may have been decisive it is suspected that the ore
composition ind location of the major potash reserves in this country have had

-u"ir influ".tce on U. S. chorce of process for manufacture of magnesium plant
cell feed.

INFLUENCES ON THE POTASH INDUSTRY

The emphasis in the potash industry rs changing. Gradual depletion of
high grade New Mexico reserves and increase in world demand for potash has

en-cor"agea new plant construclion in the prairie provinces of Canada Concur-
rentiy there is also a rising lnterest in natural brines wbich contain a high enougt

conccentration of potash to excite development. In either case tr'': processes
proposed frequently call for rejecting magnesium chloride as a valueless waste

at a trigtt concentre.tlcn. Ths use of waste magnesi'tm chloride from Canada

seems remote sincc both locale and climate are utill ebl i{owever, waste

liquors from potash operations on natuiai brines or ti'inea -e;..ived from solution
mining of carnallite may become a signrficant source of magnesium cnloride in
the future .

Two plants which recover potash from natural brines containing magne-

sium chloride are rn operation nou': Standard Magnesium Co (a), (5)' near

Wendover, Urah, and the Dead Sea Works Ltd (6), (?), (8), in Israei' Two

plants are in a stage of active development: the Arab Porash Co- using brine
irom the Dead Sea (ta), and Mrnera Bayovar S.A. using brine from the Sechura

Desert of Peru. Several others are being studied'
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CLASSIFICATION OF BRiNES

Though .n'.lre f,roade st serse. all brines probably should be considered
as havi.ng origtnate(l from the sea. it rs useful to classliy hr,nes as errner
marine or terrestrtal. 'l- ix: lonlc r':rttos of marrne brines are slmllar 1rl the
rlrlios ()l)1iri11('C frctrrr ;tn t'r;rriv;rl<:nt r.r,:r;'roral ion rtl sca vt;tl.r-r - As z (:fLar a.cl.er jql)c
thesc btirtcs lr'r'hrgh,rr m,rgrrcsrurrt r:hlrtr ttlt: Ltv.) rrlLgrt s:ttrn :;ttllzl.t itri(l low rn
calciunr. I-lrl r,rl fornrcd l,y 1lr: 1;yap<lptt':on ttl rLcluse sr:ag anr.l hy groun<)
water and p! ecipilalron ioach.ng of cycitc salts blown lnland from the oceans.
Thc evapo"at;cn o{ hr;n(:s o.f thrs i.ypc ltv ei'lher sclar or mechr.,nrcal me?tng can
be expected lo follorv thc ncrmai l;t.)gl r'ss.c.rs rlescrrhcrl by Vantt tlotr (.2!,
D'A;rs (3) antl orhers Since most o1. thq: potash crystallizes as a double salt
containing magnesrum suliate, t ecovery of potassi.um chloride from brines
similar to the Greal. Salt Lake or to the billerns from solar salt pans had not
met v.ith anJ/ commercial success to date.

The lerrestrtal brrne-q are frequ
resuit . low in sul{ate. T}ie. i. s forme
from the surrorrnding counrr)'slcie or fro
perhair secondary deposition. As a res
not restrtcted by the ionicr ralros charac
recove.y of po+-asslum chioride as svlvile or ca.nallite is possrble. The brines
of the Dead Sea oLthcse frorn the geor.he
e xamples of ihls calegor\/

As a -'.hi:-d classificarion. brines
and bc)r'ates ancl also be hroh rn crrlf rt'.e An cvsrnple iS Searles Lake in Califor-
nl a.

e
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APPLICAT]ON OF SOLAR EVAPORATION IN THE RECOVERY OF
MAGNESIUM CHLORiDE

Solar evaporatron depends on conversion of the radiant ener Ey of the sJ.,
to latent antl sensrble heat in the pan vapor. C)eogra.phical a.reas are suitable
which h ave:

1. 'fhe hrghest solar gain, favoring areas closest to the equator.

2. Steadr. winds of low humiditv to remove thc pan vapors as they
are formed.

3. Low annual rainfall, high evapor.ation rate relativc to rainfall,
or seasonal rainfall in lhe cool portion of thc .year.

4. An impermeable soil , preferably clay to minimize leakage.
In some cases semi-pervious soils may be satisfactory if the
brine table is high and losses are onlw bl, diffusion to the
reservorr.

5. Level terrain of sufficient area to permit construction of new
pans and abanrlonment of these pans as they fill with salt. In
lieu of additional area. an adequate sunply of flushing water
to remove the salt periodicalll' allowing reuse of t t: pans.

on suitable potash brines, which deposit substantially at1 of the porasnl
values as carnallite, immense amounts of magnesium chloride are rejected ir!
the waste strearns. ln a plant proposed for operation at the Dead sea at a rate
of 250,000 tons of potash a yearj more than 300,000 tons of magnesium chloride
as bischofite (MgC12 6H2O) could be produced from the decomposition r.rquor,
and over 3 million tons additronai recovered from the pan bitterns.

Solution Mining g.l! !g!el lfepg3lfgA g{ Brines lerived From Carna ite

The ca^ :llite evaporrt'. rleposii." of the Western U S. are located in arid
regions where s;o1ar evaporation may be feasjble. provided all criteria are
satisfied, and if solution mining can be successfully employed, reserves of both
potash and magnesrum chloride in this country may be significantly increased.
Deposits in the vlcinrty of the Paradox Basin rn Utah have been r'eported to be as
much as 200 feet thrck (9). ln Grand county a section containing as much as 60
percent carnallite and 140 feet thrck have been located in Canada. some deposits
such as the Prairie evaporrtes (10) of ttre Willistcn l:.,:'rn in North Dakota, are
found at rlepths ol B,000 fe'c1 and may be beyond the reach of solution mining
technioucs
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As a speculation lt is interesting to assume a solution mining cci. .ition
in which equilibrium is obtarned in the well equivalent to salural.icn ar 30 degrees
C for the four component system NaCl-KCl- NIgCIT- H2O. In +.hat case lhe brine
at the well hearl collains.

Com po nc nl

KC]1

NaCl

MgCl2

lt2o

Percent

3.4

1.4

2(j.4

68. 8

Solar evaporation of this l)rine to the bischofite boundary removes ?,4 pe:rcenl
of the initiaL water and recovers 90% of the pot-ash as carnallite in one cycle.
Tne rveight ratio of potassium chloride to sodium chlo:"ide in the resir.jual solids
after decompositlon of the carnallrte is 2.0, whereas f.he ratro rs ar"ound 1 .3 for
pans fed with a brine concentrated from the water of the Dead Sea. Less rnan a
fourth as much sodium chloride is harvested from pans operating on the carnal-
lite equiiibrium brine from the well as from pans fed.rvith concentrated Dead $ea
brine, and onlv one eighth of the evaporation is required.

Addition to the pan bitterns of fresh warer equivalent to rhe evaporarlon,
followed by recrrculation underground, clissolves more carnallrte ancl a srnall
amount of halite. In this way the least amount of wal-er rs requirerJ and disposal
of the bitterns is less of a problem. If fresh water is used in g.ealer proportion
due to recovery of magnesium chlorrde from the decomposition liquors, 1_hen
carnallite is in turn decomposed underground and potassium chlorrde is left
behind in a matrix of undissolvecl halite. Depending on the geometrv an6 u*1"n,
of the deposit it may be possible to recover such potassium chloride from the
underground deposir by taking adr-antage of concen'r 3iron gradjenr-s as :he pool
develops.

An evaluation of the partrcular deposit rs required to cjetermrne if soL-rfron
mining of the deposit offers an economic basis for competition v.'ith polash from
other sources. Several favorable facr-ors, including lower inltlal rnvestment ln
pans, better feed grade, and less volumc to pump comparerJ to prorJucers usrn4
natural brines. may moro than compcnsatr' for' thc cosr. ot ()c(,p we:n ,)rtlltrtg arxl
pumping.

A 250,000 ton pcr year plant to produce pol.ash by solution mining anrl
solar evaporation has the potenlial to also produce about 1.9 million tons of
magnesium chloride as bischofrte (tilgCt, . 6H2O) .
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l\.4arh^d nf Processr ns Brines for Potash Recoverv

!.or economrc reasons. the recover-v of magnesrum chloride frorrt natural
brines or from brrnes s)'nthetrcallv prorlucec-lbir solution mlnlng of carnallite
cannot bc drvoncecl froni p.tash opcral.ions. This discusston is t-herefore limited
to a fcw typical brines which havc presenl. or potential value as sources of potash

In such operations magrlesitlrn chlorlrie has, up to now, been rejected as an

essentiallv valuelcss wasle af1.er ltrc cr,ysralltz'af ion of carnallil'e'

'fhe fe(trl lrrrnes wlllch (rontain 1r'orn 0 l) l)(rrc(:nl Irt p4vfi71p': ztf; much a3

2.0 pcrgenl ol p()lasslur)1 cltlorr.lt,, i(r'c l)r;mp('(, lrom shallriw wt:)l:; <tr hroughi h.1

SystemS of gathcrrne (lltch(.s o| c'anals 1o tht: It|st so)rr (tvApO|ation p:rnS. 'fhe

minimum econontlc srze for a potash planl r,pcrattng on dilut€j brines in which the

first stable potash phase r.s crarnalllte rs corrsirlered to be in the order of 250,0oo

tons per year of product. :f he feecl rate for a plant.of this size may vc.r:'., fro-t
20,000 to 35,000 gallons per minul.e rlepencing on season and the initial concen-

tration. Evaporahon rates vary widely with the season, so pumps, pipelines'
and canals ar.e s)zed for maximum flow Typrcal evaporation rate data for the

Dead Sea are shown in Frgur"e 1

The solar pans are sizecl for the average net evaporation rate' rvhich is
determined empirically The areas are quite large and may range from 20 to
40 square kllomerers for a rrlant of the inciicated size depending on initial brine
ronc;ntration The number and shape of the pans is generally fixed by the

ierrain. Preferablv 1ne pan borders are butl.i on contour lines whose elevations
differ by one met-er or less, wrth maxlmum tolerance in elevation of the pdn

bottc,::r: tn the order of 30 cm. Thls speciflcatlon largely determines the amount

of cu.:nd fi)1 requirecl . The pan bottoms, preferably, are composed of sedimen

tary claylike materials wrth low clr'ainage rate. cut and fill operations are held

to J. mrnimum, nol. only for economic rcasons but also because of the dange: of

alterrng the soil substructure rn such a w a-i as 10 1n--.ase the rate of leakage.

AsthebrrnefJowsbygravll,Ytj.ijughthepans,evaporationtakesplace
and hahte 1s deposrte.: on the pan botloms For a plant capable of a production

rate cf 250 .000 tons per liear of potash the salt tonnage produced i.s immense

and may range uoward from 2,000.000 :o:ls per year' Thrs salt is deposited on

the pan bottoms rn the first one half to two thtrds of the solar pan area'

Iu a ycar''s llmo more lhan 1?,000,000 lons of watcr is evaporated For

illustration orrly , rl rlirl.rtl al gas wol (: us('(l l() irc|omJril:;h trn (:rlu.iva]ent evapor a-

tion, thc cosl [oI' Irte] alontr wortltJ approach $1,0()0 :rn hour'
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In locations remote from the seaboard, the salt has little economic value.
Neverthe less , it must be removed from the pan bottoms periodically, oi' new pan
areas must be put into production. Regar,:lless of the wa'':he operator chooseE
to solve the problem of halite build-r:n, costs ar' rurred which may r a\Le from
$0. 20 to $0.40 for a 1-,' -'f prorluct.

Wnen the brine reaches a density of about 1.29, it is transferred to a

second pond area '',1'here carnalllte crystalLizes. In some cases where the ratip
of potassium to magnesiurn chlorir.le is relatively high, potassium chlorrde mal,r
form as the first stable potash phase. On brincs rclativaly htgh in lu)fa|(t some
loss of valrrcs nray occur- I'r'om lirnnral.ion of polyhtl'ljl.c, a.nri kainit.e as vtelT as
kieserilr: m:ry cr.ystallizc in thc f in;rl pans.

'I'he brinc is dischargetl from thc carnallitc ponds at a density of aboul
1. 35. Comparc.d to the initial feerl br jnc t-he ratio of magnesium chloride to
v.rater has been improved from 0 . 16 to 0. 45. A mixed crop of carnallite ,

together with a relatively small amount of halite, is recovered from the ponding
area l:.u clr ' :rethods or by dreciging. Potash is recovered from the harvest b;.
deconposition followed by flotation or selective le ach - crys talliz ation , The
lrrine from decomposition of carnallite rnay be recycled to the carnailite po;ris
or used as a relatively pure source of magnesium chloride for production of
bischofite. The schematic flowsheet for pan operations, decomposition, and
biscl' ,fite production is shown in figures 2. 3 and 4.

THE PRODUCTION OF BISCHOFITE FROM CARNALLITE
DECOMPOSITION LIQUOR

By evaporation and fracti.onal crystallization bischofite may be prepared
from a liquor in equilibrium with carnallite with a degree of purity limited onLy
by economic considerations. Special problems may be encountered when the
brines rejected from the final solar pans are in equihbr:um w.ith both carnallite

' and kieserite, but plants in operation and proposed at the Dead Sea do not
encounter this problem. Due to the rather high concentration of CaCI2 in the
Deaci Sea brine, the small amount of sulfate is rejected \.r'ith the salt in the
;'.;+iai pans as anhydrite , or discharged ir ill':r p an bitterns. At Wendover, Utah
t'r " i:aie concentration is initially high eiroL..gn to form kai: : : kieserite, and
ca1''iial1ite in the final pans, but the potash values are recovered by leaching in
.)l3.ce.

The liquor from the decomposition of carnallite may be sent to a separate
ponding area. In thc first s1.age evaporation carnallrte and halite are deposited.
The solid phases.join thc ma:n pl:rnl. fced stream anrl are rlecclmposed. The
solid phases join the main planI fcecl strearn and are decomposed. The iiquor
in equilibrium with bischofite is evaporaled essentially to dryness, perhaps by
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a combination of solar and mechanical means. Brschofite of almost any desired
degree of purity can be obtained by recrystallization. Based solely on the car-
nallite stoichiometry and without regard to losses, over 300,000 tons per year
of magnesium chloride hexahydrate or bischofite may be produced by a potash
plant of the indicated size solely from the decomposition liquors. In addrtion
to this the pan bittei-ns are a potential magnesium chloride source that is an

order of magnitude larger '
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